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(54) Electronic fuel injection apparatus for diesel engine 



(57) An electronic fuel injection apparatus for a die- 
sel engine comprising a driving state detection means 
for detecting a driving state of a vehicle associated with 
an automatic transmission and a controller for periodi- 
cally determining a target injection quantity based on 
the driving state. The target injection quantity at a time 
when a gearshift position is in a driving position is set to 
a driving target injection quantity which is obtained by 



adding a predetermined correction quantity to a target 
injection quantity at a time when the gearshift position is 
in a non-driving position. When the change of the gear- 
shift position from the non-driving position to the driving 
position is detected, the target injection quantity is 
increasingly corrected to the driving target injection 
quantity. 
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Description 

Background of the Invention 

Field of the Invention 5 

[0001] The present invention relates to an electronic 
fueNnjection i apparatus for a diesel engine, and in par- 
ticular to an electronic fuel injection apparatus for a die- 
sel engine which determines a target injection quantity io 
based on a driving state of a vehicle. 

Description of the Related Art 

[0002] In a vehicle comprising an automatic transmis- is 
sion of torque converter type, an engine load is heavier 
when a gearshift position is in a driving position such as 
D (drive) position or R (reverse) position than when the 
gearshift position is in a non-driving position such as N 
(neutral) position or P (parking) position, so that the 20 
rotational speed of the engine slows down. 
[0003] Therefore, a diesel engine comprising an elec- 
tronically controlled fuel injection apparatus has a sen- 
sor (switch) for detecting the gearshift position of a 
gearshift lever, where a target injection quantity when 25 
the gearshift position is in the driving position is set to a 
driving target injection quantity (shown by Qdr_dsr of a 
dotted line in Fig. 1 A) which is obtained by adding a pre- 
determined correction quantity corresponding to an 
amount of such an increased load as mentioned above 30 
to a basic target injection quantity (Qbase in Fig.lA) 
which is determined based on the driving state such as 
an engine speed or a bad (mainly an accelerator open- 
ing), thereby compensating for the slow-down of the 
engine speed. 35 
[0004] It is to be noted that the target injection quantity 
is to be finally obtained by adding thereto a correction 
quantity which takes into account parameters such as 
an intake temperature, water temperature, and intake 
pressure of the engine. *o 
[0005] However, in response to a gearshift lever oper- 
ation shown in Fig. 1 B, the actual gear action, especially 
from the non-driving position to the driving position 
causes a delay as shown in Fig.1 C. 
[0006] This is because the gearshift operation is per- 45 
formed by utilizing the pumping pressure of an oil pump 
disposed within a transmission to clutch clutch plates, 
which causes a delay in increasing the pumping pres- 
sure. 

[0007] On the other hand, a sensor for detecting the 50 
gearshift position immediately produces a gear action 
signal in response to the gearshift lever operation. A 
controller provided within the electronic injection appa- 
ratus, in response to the gear action signal, immediately 
corrects the basic target injection quantity (Qbase) to 55 
the above-mentioned driving target injection quantity 
(Qdrjdsr). 

[0008] As a result, although the actual gearshift posi- 



tion is not in the driving position, the injection quantity is 
solely increased, thereby causing an instantaneous rise 
of engine speed or the generation of smoke at the time 
of gearshift operation. 

[0009] In this case, a time lag may also be preset from 
the time when the gear action signal is received to the 
time when the injection quantity is corrected in the 
increasinig _*ectonjn c^formity with the completion 
timing of the gear action. However, even during the gear 
action, the load increases for enhancing the pumping 
pressure of the oil pump as mentioned above, so that 
the preset time lag may cause the engine speed to slow 
down. 

Summary of the Invention 

[001 0] It is accordingly an object of the present inven- 
tion to provide an electronic fuel injection apparatus for 
a diesel engine comprising a driving state detection 
means for detecting a driving state of a vehicle associ- 
ated with an automatic transmission and a controller for 
periodically determining a target injection quantity 
based on the driving state, in which an instantaneous 
rise of engine speed or the generation of smoke at a 
time of gearshift operation is avoided without a slow 
down of the engine speed. 

[001 1] For the achievement of the above-mentioned 
object, an electronic fuel injection apparatus for a diesel 
engine according to the present invention comprises a 
gearshift position detecting means for detecting a gear- 
shift position of a gearshift lever, and a controller for set- 
ting a target injection quantity at a time when the 
gearshift position is in a driving position to a driving tar- 
get injection quantity which is obtained by adding a pre- 
determined correction quantity to a target injection 
quantity at a time when the gearshift position is in a non- 
driving position. The controller corrects the target injec- 
tion quantity increasingly to the driving target injection 
quantity when a change of the gearshift position from 
the non-driving position to the driving position is 
detected. 

[001 2] Namely, the present invention corrects the tar- 
get injection quantity in the increasing direction gradu- 
ally (or stepwise) from a target injection quantity Qbase 
in the non-driving position to a target injection quantity 
Qdrjdsr in the driving position, as shown by a solid line 
in Fig.lA, when the change of the gearshift position 
from the non-driving position to the driving position is 
detected by the gearshift position detecting means. This 
prevents an inconvenience caused by an increase of the 
injection quantity before the completion of the actual 
gear action. 

[001 3] A quantity increment rate may be set to corre- 
spond to a time lag of the gear action which can be pre- 
viously and experimentally obtained. 
[001 4] Also, since the above-mentioned time lag of the 
gear action changes depending on an oil viscosity 
inside the transmission, it is preferable to detect an oil 
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temperature of the automatic transmission as a substi- 
tution parameter for the viscosity and to have the quan- 
tity increment rate up to the driving target injection 
quantity changed so that the rate may be larger when 
the oil temperature is high than when the oil tempera- s 
ture is low. 

[0015] Also, the controller may determine an incre- 
mental inj ection .quantity by multiplying a d^ej'ence 
between the driving target injection quantity and the 
previous target injection quantity by a predetermined 10 
coefficient which changes depending on the detected 
value of the oil temperature sensor, and may further 
determine a present target injection quantity by adding 
the incremental injection quantity to the previous target 
injection quantity. is 
[0016] Moreover, the driving state detection means 
may detect a rotational speed and a load or an idling 
state of the engine as the driving state. 
[0017] Furthermore, the above-mentioned driving 
state detection means may comprise at least one of an 20 
intake pressure sensor for sensing an intake pressure of 
an intake pipei a water temperature sensor for sensing 
an engine water temperature, and an intake tempera- 
ture sensor for sensing an intake temperature of the 
intake pipe. 25 
[0018] The electronic fuel injection apparatus for a 
diesel engine according to the present invention may 
further comprise an injector actuated by oil pressure or 
fuel pressure. 

[001 9] Also, the above mentioned controller may cor- 30 
rect a pulse width of a command pulse for an electro- 
magnetic valve disposed within an injector in order to 
control the target injection quantity. 



[0021] Throughout the figures, the same reference 
numerals indicate identical or corresponding portions. ss 



Description of the Embodiments 

[0022] Fig. 2 illustrates an embodiment of an elec- 
tronic fuel injection apparatus for a diesel engine 
according to the present invention which is a system 
comprising a diesel engine 1, a four-cycle four-cylinder 
direct injection engine as an example, and a controller 
(ECM) 2 perforjrtng^fu^ to 
output signals of various sensors provided in an intake 
system, exhaust system, and the like. 
[0023] Specifically, an engine speed sensor 6 is com- 
posed of an electromagnetic pickup so as to be electro- 
magnetically coupled with a regularly toothed wheel 5 
having a lack tooth portion 4 which is fixed on a crank- 
shaft 3 of the engine 1 , detects a rotational speed (NE) 
of the engine 1 , and gives the speed to the controller 2. 
Also, an accelerator opening (acceleration) sensor 8 is 
composed of a potentiometer, detects an operated or 
step-on quantity (an accelerator opening : ACL) of an 
accelerator pedal 7, and gives the accelerator opening 
quantity to the controller 2. The controller 2 changes an 
analog signal of the accelerator opening into a digital 
signal to be taken in. At least, the engine speed sensor 
6 and the accelerator opening sensor 8 form a driving 
state detection means. 

[0024] The driving state detection means preferably 
comprises sensors such as an intake pressure sensor 

1 0 provided in a position shown in Fig. 2 for sensing an 
intake pressure of an intake pipe 9, a water temperature 
sensor 13 provided at a head 11 in an upper part of a 
cylinder 12 of the engine 1 for sensing an engine water 
temperature, and an intake temperature sensor 14 for 
sensing an intake temperature of an intake pipe 9 and is 
connected to the controller 2. 

[0025] Also, a hydraulically actuated unit injector 16 is 
provided at the upper part of the cylinder 12 for fuel to 
be directly injected into the cylinder 12. To this injector 
1 6 are supplied high-pressure oil from a high-pressure 

011 pump 18 through an oil rail 17 which is disposed 
beside the cylinder head 1 1 and low-pressure fuel from 
a fuel pump 19. The pressure of the high-pressure oil is 
controlled by the controller 2 through a control valve 
(RPCV)20. 

[0026] Namely, by supplying fuel of comparatively low 
pressure to a fuel chamber formed within the injector 16 
from the fuel pump 19 and then pressurizing this fuel by 
a pressurizing plunger (not shown) which is actuated 
with high-pressure oil from the oil pump 18. the fuel 
injection is performed at an injection pressure which 
does not depend on the rotational speed of the engine. 
It is to be noted that the oil pressure at this time is 
detected by an oil pressure sensor 21a, and the oil tem- 
perature is detected by an oil temperature sensor 21 b, 
which are fed back to the controller 2. 
[0027] In the route which supplies the high-pressure 
oil of the oil pump 1 8 from the oil rail 1 7 to the pressured 
surface of the pressurizing plunger within the injector 
1 6, an electromagnetic valve (not shown) is disposed. 



Brief Description of the Drawings 35 
[0020] 

Figs.1 A-1 C are diagrams illustrating the principle of 
an electronic fuel injection apparatus for a diesel 40 
engine according to the present invention; 
Fig. 2 is a block diagram illustrating an embodiment 
of an electronic fuel injection apparatus for a diesel 
engine according to the present invention; 
Fig. 3 is a block diagram schematically illustrating 45 
an operation of an electronic fuel injection appara- 
tus for a diesel engine according to the present 
invention; and 

Fig.4 is a flow chart illustrating a control program 
executed by a controller used in an electronic fuel so 
injection apparatus for a diesel engine according to 
the present invention. 
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V The fuel injection is performed by energizing or opening 

this electromagnetic valve with a control signal from the 
controller 2. 

[0028] Namely, the controller 2 determines a duration 
(a pulse width or a duty ratio) for energizing the above- 
mentioned electromagnetic valve based on the target 
injection quantity and controls the fuel injection quantity 
j from the injeclor 16 by energizing the aispve^entiqned 

electromagnetic valve by that pulse width. 
[0029] It is to be noted that a glow plug 22 serves to 
assist the engine start. 

[0030] An EGR (exhaust gas recirculation) pipe 24 is 
connected from an exhaust pipe 23 to the intake pipe 9 
of the engine 1 , which makes a part of the exhaust gas 
feed back to the intake side to reduce the combustion 
temperature of the engine 1 , thereby decreasing a nitro- 
gen oxide. An EGR valve 25 is provided in the middle of 
the EGR pipe 24. The lift of this EGR valve 25 is control- 
led by a control valve (EVRV, VSV) 27 which uses a 
negative pressure provided by a vacuum pump 26 and 
this lift is detected by a sensor 29 to be given to the con- 
troller 2. 

[0031] Moreover, an oil temperature sensor 30 pro- 
vided in a position where a hydraulic oil temperature of 
an automatic transmission (not shown) can be detected, 
a gear position detecting switch 31 provided in a posi- 
tion where the position of a gearshift lever (not shown) 
can be detected, and a keyswitch 32 which detects the 
position of an ignition key are connected to the control- 
ler 2. 

[0032] For more detailed explanations about this fuel 
injection control system, reference is made to the pub- 
lished Japanese translation No.6-51 1526 of PCT inter- 
national publication for patent applications. 
[0033] Fig.3 illustrates a schematic diagram of a target 
injection quantity calculation by the controller 2. 
[0034] First of all. a basic target injection quantity cal- 
culator <J) calculates a basic target injection quantity 
Qbase by making reference to a memory map (not 
shown) from an engine speed NE detected by the 
engine speed sensor 6 and the accelerator opening 
ACL detected by the accelerator opening sensor 8. 
[0035] An idling target injection quantity calculator © 
corrects an idling target injection quantity Qfc corre- 
sponding to a water temperature Tw detected by the 
water temperature sensor 1 3 with a PID control method 
based on a deviation between the engine speed NE and 
an idling target engine speed Nidle to obtain an idling 
target injection quantity Qidle. 

[0036] An idling decision unit ® decides the present 
state to be an idling state when the engine speed NE 
resides within a predetermined low speed range and the 
accelerator opening ACL is equal to or smaller than a 
predetermined small opening (for example, 0%), and 
otherwise to be a non-idling state. 
[0037] Then, a switching unit ® selects the basic tar- 
get injection quantity Qbase from the calculator (J) in 
case the idling decision unit ® decides the present 



state to be the non-idling state and selects the idling tar- 
get injection quantity Qidle from the calculator © in 
case of the idling state. The switching unit @ outputs 
the target injection quantity Qbase or Qidle selected in 

5 either case, as the basic target injection quantity Qbase. 
[0038] A correction unit © determines not only a cor- 
rection quantity Qdr in a driving position which is char- 
acteristic of the ^present invention but also . .various, 
correction quantities Qcomp (=Qdr+Qrm+ • • • ) such 

w as a correction quantity Q*rm corresponding to an intake 
temperature Tm detected by the intake temperature 
sensor 14 and a correction quantity corresponding to oil 
pressure and oil temperature detected by the sensors 
21a and 21b. respectively. 

is [0039] By adding (subtracting in some cases) the 
above-mentioned correction quantity Qcomp to (from) 
the basic target injection quantity Qbase obtained by 
the switching unit ®, a final target injection quantity 
Gdsr as shown in Fig. 1 A is determined. 

20 [0040] The controller 2 periodically performs the cal- 
culation of such a target injection quantity. Moreover, 
when a crank angle reaches a fixed angle before the 
fuel injection for each cylinder, the controller 2 deter- 
mines the pulse width of the electromagnetic valve in 

25 the injector 16 based on the above-mentioned final tar- 
get injection quantity Qdsr by an interruption process. 
[0041 ] Fig. 4 illustrates a flow chart for calculating the 
driving position correction quantity Qdr which is directly 
related to the present invention among the correction 

30 quantity Qcomp (=Qdr+QTm+ • • • ) which is obtained 
by the correction unit <§) shown in Fig.3. 
[0042] Firstly in step S1 of this flow chart, a gear posi- 
tion detecting switch 31 checks whether or not either of 
the switches corresponding to D (drive) position or R 

35 (reverse) position of a gearshift lever (not shown) is 
made ON. If the answer is "YES", the routine proceeds 
to step S2. 

[0043] In step S2, is determined a difference AQdr 
between the driving position correction quantity Qdr_dsr 

40 (shown by a dotted line in Fig.lA) which is predeter- 
mined by the controller 2 and the driving position correc- 
tion quantity Qdr_bfr which is calculated in the last 
routine. It is to be noted that the initial state is the idling 
state and therefore the initial driving position correction 

45 quantity Qdr_bfr is zero. Accordingly, as shown in 
Fig.lA, the correction will be made starting with the 
basic target injection quantity Qbase. 
[0044] In step S3, it is determined whether or not the 
above-mentioned difference AQdr is equal to or more 

so than a predetermined quantity AQd_Lv, namely whether 
or not the correction process is nearing the end. If the 
answer is "YES", the correction is found to be still in 
process, so that the routine proceeds to step S4. 
[0045] In step S4, depending on a hydraulic oil tem- 

55 perature Toil AT of the automatic transmission which is 
detected by the oil temperature sensor 30, the controller 
2 determines a correction coefficient Kdr by making ref- 
erence to a prepared map or the like. This coefficient 
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V Kdr is preliminarily determined so that the increment 

rate to the driving target injection quantity Qdrjdsr 
depending on the hydraulic oil temperature ToiLAt may 
be larger at high oil temperatures than low oil tempera- 
tures. This is because the time lag for switching over to 5 
the actual gear action from the occurrence of the gear- 
shift operation signal as shown in Figs. 1B and 1C is 

j longer at low oil temperatures. 

[0046] Then in step S5, a new driving position correc- 
tion quantity Qdr is determined by adding an incremen- 10 
tal injection quantity calculated by multiplying the 
above-mentioned difference AQdr by the correction 
coefficient Kdr to the last correction quantity Qdr_bfr. 
[0047] If it is found in step S3 that the above-men- 
tioned difference AQdr is equal to or less than the pre- is 
determined quantity AQd_Lv, the routine proceeds to 
step S6 in which the original driving position correction 
quantity Qdrjdsr is deemed to be a new driving position 
correction quantity Qdr. 

[0048] If it is found in step S1 that either of the 20 
switches for the D (drive) position or the R (reverse) 
position is "OFF", the routine proceeds to step S7 in 
which the driving position correction quantity Qdr is set 
to "0". 

[0049] In step S8, the driving position correction quan- 25 
tity Qdr determined by any of the steps S5-S7 is saved 
as the last correction quantity Qdr_bfr, and the routine 
ends. 

[0050] The driving position correction quantity Qdr 
determined as described above is added, per each cal- 30 
culation of the target injection quantity, to the basic tar- 
get injection quantity Qbase which is determined based 
on the engine speed NE, the accelerator opening ACL, 
and the like, thereby gradually incrementing the final tar- 
get injection quantity Qdsr for the correction as shown in 35 
Fig.1. 

[0051] It is to be noted that although the above-men- 
tioned embodiment deals with such a correction control 
for the target injection quantity, it is needless to say that 
the pulse width (duty ratio) of a command pulse for the 40 
electromagnetic valve within the injector may be cor- 
rected. 

[0052] As described above, the electronic fuel injec- 
tion apparatus for a diese! engine according to the 
present invention is so arranged that a target injection 45 
quantity at a time when a gearshift position is in a driv- 
ing position may be set to a driving target injection 
quantity which is obtained by adding a predetermined 
correction quantity to the target injection quantity at a 
time when the gearshift position is in a non-driving posi- so 
tion, and when the change of the gearshift position from 
the non-driving position to the driving position is 
detected, the target injection quantity may be gradually 
increased to the driving target injection quantity, thereby 
avoiding the abnormal rising rate of engine speed and ss 
the generation of smoke caused by a delay of actual 
gear action without requiring timing correction. 



Claims 

1. An electronic fuel injection apparatus for a diesel 
engine comprising a driving state detection means 
for detecting a driving state of a vehicle associated 
with an automatic transmission, a controller for peri- 
odically determining a target injection quantity 
based on the .driving state, and a.gearsbift position 
detecting means for detecting a gearshift position of 
a gearshift lever, characterized in that; 

the controller sets a target injection quantity at 
a time when the gearshift position is in a driving 
position to a driving target injection quantity 
which is obtained by adding a predetermined 
correction quantity to a target injection quantity 
at a time when the gearshift position is in a non- 
driving position, and when a. change of the 
gearshift position from the non-driving position 
to the driving position is detected, the controller 
corrects the target injection quantity increas- 
ingly to the driving target injection quantity. 

2. An electronic fuel injection apparatus for a diesel 
engine as claimed in claim 1 , further comprising an 
oil temperature sensor for sensing a temperature of 
a transmission oil of the automatic transmission, 
the controller determining a quantity increment rate 
up to the driving target injection quantity corre- 
sponding to a value detected by the oil temperature 
sensor so that the rate may be larger when the oil 
temperature is high than when the oil temperature 
is low. 

3. An electronic fuel injection apparatus for a diesel 
engine as claimed in claim 2, wherein the controller 
determines an incremental injection quantity by 
multiplying a difference between the driving target 
injection quantity and the previous target injection 
quantity by a predetermined coefficient which 
changes depending on the detected value of the oil 
temperature sensor, and further determines a 
present target injection quantity by adding the 
incremental injection quantity to the previous target 
injection quantity. 

4. An electronic fuel injection apparatus for a diesel 
engine as claimed in claim 1 wherein the driving 
state detection means detects a rotational speed 
and a load of the engine as the driving state. 

5. An electronic fuel injection apparatus for a diesel 
engine as claimed in claim 1 wherein the driving 
state detection means detects a rotational speed 
and an idling state of the engine as the driving 
state. 

6. An electronic fuel injection apparatus for a diesel 
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engine as claimed in claim 1 wherein the driving 
state detection means comprises at least one of an 
intake pressure sensor for sensing an intake pres- 
sure of an intake pipe, a water temperature sensor 
for sensing an engine water temperature, and an 5 
intake temperature sensor for sensing an intake 
temperature of the intake pipe. 

7. An electronic fuel injection apparatus for a diesel 
engine as claimed in claim 1 , further comprising an to 
injector actuated by oil pressure. 

8. An electronic fuel injection apparatus for a diesel 
engine as claimed in claim 1 , further comprising an 
injector actuated by fuel pressure. is 

9. An electronic fuel injection apparatus for a diesel 
engine as claimed in claim 1 wherein the controller 
corrects a pulse width of a command pulse for an 
electromagnetic valve disposed within an injector in 20 
order to control the target injection quantity. 



25 



30 



35 



40 



45 



50 



55 



6 



EP O 937 881 A2 



FIG.1A INJECTION QUANTITY 



Qdr_dsr 




Qbase 



FIG. IB 

GEARSHIFT LEVER SIGNAL 



N 



FIG.1G GEAR AC TION 

N 



Qdr_dsr 





D 



7 



EP 0 937 881 A2 




8 



EP 0 937 881 A2 



FIG.3 



NE 







ACL 






-> 


Tw 




NE 




Nidle 


-> 
-> 



(3) 



BASIC 
TARGET 
INJECTION 
QUANTITY 
CALCULATOR 



<2> 



2l 



IDLING 
TARGET 
INJECTION 
QUANTITY 
CALCULATOR 



Qbase 




Qcomp = 
(Qdr+QTm+— ) 



ToilAT 



Qdsr 



9 



EP 0 937 881 A2 



FIG.4 



;5- 




CALCULATE AQdr=Qdr_dsr— Qdrjbfr ^\ 32 




N 



READ OUT CORRECTION COEFFICIENT 
Kdr OF ATT OIL TEMPERATURE 



CALCULATE Qdx= Qdrjbfr +Kdr x AQdr 



J 



Qdr < — Qdr_dsr 



T 



.S6 



Qdr' 



Qdr_bfr < — Qdr 
END ^J) 



S7 



S8 



10 



